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INSTRUMENT SET 1 TEST BITS 
INSTRUMENT SET 2 TEST BITS 
INSTRUMENT SET 3 TEST BITS 


0 0 0 1 0 1 1 1 
0 10 110 0 1 
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A CONTROL SYSTEM FOR INDUSTRIAL PLANT 



The present invention relates to control systems for 
Industrial Plant. 

There is often a requirement in industrial plants for a 
control system which will shutdown the industrial plant, 
should the industrial plant operate outside a predetermined 
operating condition regime. 

A known control system which will shutdown the 
industrial plant, should the industrial plant operate 
outside a predetermined operating regime, comprises a 
Plurality of sensors which detect parameters of the 
industrial plant and which send output signals to a logic 
circuit which analyses the output signals to determine if 
the industrial plant is operating outside the predetermined 
operating regime. if the logic circuit determines that the 
industrial plant is operating outside the predetermined 
operating regime a shutdown signal is produced which is sent 
to some means for shutting down the industrial plant. 

However, the consequences of a failure to shutdown the 
industrial plant when required, ie when the industrial plant 
is operating outside the predetermined operating regime, are 
very severe especially in some chemical plants or nuclear 
reactor power plants. This known control system is 
inadequate since a failure of any part of the control system 
may allow the industrial plant to continue operating when 
shutdown is required. 

To overcome the problem of failure of any part of the 
control system described, improved control system comprising 
a number of sets of sensors, a number of logic circuits 
and a voting logic circuit have been devised. In this 
control system each set of sensors sends their output 
signals to one of the logic circuits, which analyses the 
output signals to determine if the industrial plant is 
operating outside the predetermined operating regime. Each 
logic circuit sends a signal to the voting logic circuit. 
The voting logic circuit performs a function on the signals 
received from the logic circuits to produce a high 
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reliability shutdown signal. If any of the sensors, or 
logic circuits fail, the remaining sensors in other sets and 
logic circuits ensure that shutdown signals are sent to the 
voting logic circuit by some of the logic circuits. 

However, the voting logic circuits are susceptible to 
failure, and in some industrial plant the failure 
probability of the voting logic circuit is still too high in 
terms of the probability of failure to shut down when 
required . 

A further control system to overcome the problem of 
failure of the voting logic circuit, has used a number of 
voting logic circuits each of which receive the output 
signals from all the logic circuits. In this control system 
each voting logic circuit operates independent means for 
shutting down the industrial plant. 

Such a control system provides an effective system with 
considerably reduced probability of failure to shut down the 
industrial plant when required. However, this control 
system uses a relatively large number of voting logic 
circuits and a relatively large number of connections, which 
makes the control system relatively bulky, relatively 
complex and relatively expensive. 

The present invention seeks to provide a control system 
for an industrial plant which will shutdown the industrial 
plant, should the industrial plant operate outside a 
predetermined operating condition regime, with relatively 
low probability of failure and in which the control system 
is of reduced bulk, relatively simple and relatively cheap. 

Accordingly the present invention provides a control 
system for an industrial plant comprising a plurality of. 
instrument sets and a plurality of logic sets, each 
instrument set comprising a plurality of sensors to detect 
parameters of the industrial plant", each instrument set 
comprising a plurality of serial link controllers, each 
sensor being arranged to supply an output signal to each of 
the plurality of serial link controllers, each logic set 
comprising a plurality of auto select logic circuits, a 
synchroniser, a voting logic circuit, a serial to parallel 



converter and a control logic circuit, each of the plurality 
of serial link controllers in each instrument set being 
arranged to supply the output signals from each of the 
sensors in the instrument set sequentially to one of the 
auto select logic circuits in each of the logic sets 
serially via respective transmission lines, each of the auto 
select logic circuits in each logic set being arranged to 
select data from the plurality of sensors from one of the 
instrument sets and being arranged to supply the data to the 
synchroniser, the synchroniser of each logic set being 
arranged to supply the data from each of the auto select 
logic circuits to the voting logic circuit of the logic set 
such that the output signals from the sensors in each 
instrument set detecting the same parameter are supplied to 
the voting logic circuit at substantially the same time, 
each voting logic circuit being arranged to perform a voting 
function on the output signals from the sensors in all the 
instrument sets detecting the same parameter to produce a 
series of single high reliability signals which are arranged 
to be supplied to the series to parallel converter of the 
logic set, each series to parallel converter being arranged 
to convert the series of high reliability signals to 
parallel high reliability signals which are supplied to the 
control logic circuit of the logic set, each control 
logic circuit being arranged to control the operation of an 
industrial plant in response to the high reliability 
signals. 

The control logic may be a shutdown logic circuit 
arranged to control the operation of shutdown means for the 
industrial plant. 

The control logic circuit may be a control algorithm 
processor circuit arranged to continuously control the 
industrial plant. 

At least one of the auto select logic circuits may 
select data from the plurality of sensors from one of the 
instrument sets by selecting transmission lines with serial 
signals . 
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At least one of the auto select logic circuits may 
select data from the plurality of sensors from one of the 
instrument sets by selecting an error detecting coding. 

The synchroniser may comprise a first in/ first out 
memory . 

The sequential output signals may be returned to the 
serial link controllers via respective second transmission 
lines for decoding and comparing with the transmitted output 
signals. 

Each of the serial link controllers may have a fault 
alarm. 

Each instrument set may comprise a self testing means, 
the self testing means being arranged to supply test signals 
to each of the plurality of serial link controllers, each 
serial link controller being arranged to supply the test 
signals sequentially with the output signals from each of 
the sensors in the instrument set to one of the auto select 
logic circuits in each of the logic sets serially via 
transmission lines, the voting logic circuit of each logic 
set being arranged to perform a voting function on the test 
signals from the self testing means of each instrument set 
to produce a high reliability test signal, each logic set 
having a checker means to ensure that the high reliability 
test signals is correct. 

The checker means may receive signals from the series 
to parallel converter. 

Each of the checker means may have a fault alarm. 
The industrial plant may be a nuclear reactor plant. 
The nuclear reactor plant may be a pressurised water 
nuclear reactor. 

Each fault shutdown logic circuit may be arranged to 
control the operation of a separate shutdown means. 

Each fault shutdown logic circuit may be arranged to 
control the operation of a single control rod or a group of 
control rods. 

The present invention will be more fully described by 
way of example, with reference to the accompanying drawings, 
in which:- 



Figure 1 is a schematic diagram of a control system for 
an industrial plant according to the present invention. 

Figure 2 is a schematic diagram of an instrument set 
shown in Figure 1. 

Figure 3 is a schematic diagram of a logic set shown in 
Figure 1. 

Figure 4 is a table illustrating test vectors for a two 
out of three voting. 

A control system 10 for an industrial plant (not shown) 
is shown in Figure 1 and comprises a plurality of instrument 
sets 12 Ar 12B to 12N and a plurality of logic sets 14A, 14B 
to 14L. 

The instrument set 12A is shown schematically in more 
detail in Figure 2 and comprises a plurality of sensors 16A, 
16B 16C to 16N, each of which detects a parameter, or 
condition, of the industrial plant. The sensors may measure 
for example temperatures, pressures, vibrations or any other 
required parameters at the same locations or different 
locations throughout the industrial plant. Each of the 
sensors 16A, 16B, 16C to 16N produces an output signal, 
dependent upon the parameter being detected, which is 
arranged to be supplied to respective instrument channels 
20A, 20B, 20C to 20* via electrically conduction elements 
ISA, 18B, 18C to 18N respectively. The instrument channels 
20A, 20B, 20C to 20N process the output signals, for example 
amplify, filter etc and produce trip signals. The 
instrument channels 20A, 20B, 20C to 20N are arranged to 
supply their respective output signals to a pair of serial 
lmk controllers 24A and 24B via electrically conducting 
elements 22A, 22B, 22C to 22N and 22A ■ , 22B ■ , 22C ■ to 22N« 
respectively. The instrument channels 20A to 20N also 
produce partial trip signals. Although two serial link 
controllers are used in the example, it may be equally 
possible to use more than two so as to increase the 
reliability of .the control system. The serial l ink 
controllers 24A and 24B are arranged to transmit the output 
signals from each of sensors 16A, 16B, 16C to 16N serially 
to each of the logic sets 14A, 14B to 14L via electrically 
conducting elements 26A and 26A' respectively which connect 



the logic sets 14 A to 14L in series. Electrically 
conducting elements 28A and 28A' return the output signals 
to the serial link controllers 24A and 24B for checking that 
the output signals received by the logic sets are in 
accordance with the output signals transmitted. If a 
discrepancy is detected the serial link controllers cease 
transmission, if there is a presence of serial signals these 
are used by the logic sets. The serial link controllers 24A 
and 24B are electrically connected by elements 30A and 30B 
to fault alarms (not shown) for the supplying of a fault 
alarm signal. to operate the fault alarm if a discrepancy is 
detected by the serial link controllers 24 A and 24B between 
the output signals transmitted, and the output signals 
received by the logic sets. 

The instrument sets 12B, 12C to 12N are substantially 
the same as instrument set 12A, and the instrument sets 12B, 
12C to 12N will have sensors measuring the same parameters 
at the same locations as instrument set 12A. However, some 
of the instrument sets may not have all the sensors, if the 
sensors measuring a particular parameter are sufficiently 
reliable to require fewer copies than there are instrument 
sets. Where a sensor is omitted its output line is tied to 
a trip or non-trip state, as required to obtain the desired 
voting from the sensors which are present. 

The serial link controllers may use any suitable 
protocols such as error detecting coding for example a 
hamming type coding scheme or cyclic redundancy check. 

The logic set 14A is shown schematically in more detail 
in Figure 3 and comprises a plurality of auto select logic 
circuits 32A, 32B to 32N, ie one auto select logic circuit 
for each instrument set, and each of the auto select logic 
circuits 32A, 32B to 32N is arranged to select the output 
signals from all of the sensors from one of the instrument 
sets by selecting an electrically conducting element with 
serial signals/or by avoiding a conducting element not 
having serial signals. Therefore, for example the auto 
select logic circuit 32A selects the output signals from all 
of the sensors 16A, 16B, 16C to 16N from instrument set 12A 
from conducting element 26A or 26A'. Similarly auto select 



logic circuit 32B selects the output signals frQm 

o7\Z fr °;.; nStr ™- t -t 12B fro, conducting extent 26B 
or 26B . Likewise auto select logic circuits 32C to 32N 
select the output si gna i s fro m all the sensors in sets 12C 

If having type coding scbeme u ^ 
used " the selection logic. 

The auto select logic circuits 32* to 32N are arranged 

to supply data , le selected * 

sync h 36( and fche synchronlser 3g ensares 

output signals fro the sensor in each instrument set 
detecting the same parameter are supplied to the voting 
logic Clr it 40 at substant . ally the same time * 

electrically conducting elements 38 ft to 38N respectively 

voting l0?1 ° ° irCUit 40 iS ar " n9ed t0 « 

voting functlon on the Qutput signals from sensors 

all the instrument sets detecting the same parameter, and 
the voting function is performed for the output signals from 
the sensors in all the instrument sets for all the parameters 
SLIT 6 "!: t0 Pr0dU ° e 3 Sl "* le Serial ^ reliability 
sulli d ! S6rial hi9h - lia ""ty signal is 

supplied to a series to parallel converter 44 via an 
electrically conducting element 42, the series to parlllel 
converter 44 is arrant <- 

reliabin/ "ranged to convert the single serial high 

reliability signal to parallel high reliability sisals 
which are supplied to a fault shutdown logic circuit 48 via 

electrically conducting elements 46A to 46N. 

The fault shutdown logic circuit 48 is arranged to 
control the operating of a shutdown mechanism for the 
industrial plant in response to the high reliability signals 

by supplying shutdown output signals via elements 50 

The logic sets 14B to 14L are substantially the same 

set ^ SUbStantiaU ^ the — -nner as instrument 

outo u r e - Sh ? d ° Wn lDgiC " deSi9ned tD *™ the shu tdo„n 
output signals in one out of two, two out of three, two out 

°f four, three out of four or other suitable codes. The 
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shutdown output signals are looped back by elements 52 and 
checked, so as to check both the shutdown logic and the 
output connection elements 50. If a fault is detected by 
this checking a fault alarm signal is supplied to a fault 
alarm (not shown) by electrical connection elements 54 to 
operate the fault alarm to initiate maintenance. The 
shutdown logic circuit 48 also incorporates error detecting 
codes in addition to the loop back checking. 

The instrument set 12A has a self test system 56 which 
supplies test signals to the serial link controllers 24A and 
24B via electrical connector elements 58A and 58B 
respectively. The serial link controllers 24A # 24B supplies 
the test signals sequentially with the output signals from 
the sensors r in the instrument set, to one of the auto 
select logic circuits in each of the logic sets. The test 
signals are processed by the synchroniser, voting logic 
circuit and series to parallel converter. The logic set 14A 
has a checker circuit 64 which receives the test signal by 
electrical connector elements 62 from the series to parallel 
converter 44. The checker circuit 64 has an electrical 
connection element 66 which supplies a fault alarm signal to 
a fault alarm (not shown) . 

If the auto-select logic circuits base their decision 
on the presence of serial signals, it is necessary for the 
serial link controllers to cease transmission if a fault is 
detected . 

All of the instrument sets 12B to 12N also have self 
test systems, and all of the logic sets 14B to 14L have 
checker circuits. 

The self test systems in the different instrument sets 
are arranged to transmit different test signals so that when 
they arrive at the voting logic circuits they form a set of 
test vectors. The checker circuits check that the voting 
logic circuits response to the test vectors is correct after 
conversion to parallel form, and if it is incorrect a fault 
alarm signal is sent to the fault alarm to initiate 
maintenance. An example of test signals is shown in Figure 
4 for a two out of three voting system. The voting logic 



circuits should receive the combination of test signals, 
from the self test systems of three instrument sets of 001, 
Oil, 001 .... in in sequence and produce the outputs 0, 1, 
0 .... 1, the checker circuit checks that this is achieved. 

The control system has individual parameter voting, and 
allows the flexibility to tailor the degree of redundancy of 
each individual sensor and channel. The control system 
incorporates self testing features which enables faults in 
the most sensitive area to be self announcing, this reduces 
the probability of system failure by reducing the fault 
detection time. Redundancy at individual sensor and channel 
rather than instrument set also reduces the probability of 
control system failure to produce an extremely reliable 
control system. 

The control system has voting performed on individual 
parameter rather than on a guard line basis as in the prior 
art. A further advantage of the control system is that 
parameter voting is achieved with the number of logic sets 
being a function of the number of independent output signals 
required rather than of the number of parameters being 
measured. 

The control system described is particularly suitable 
for use with nuclear reactor plant, for example pressurised 
water nuclear reactors (PWR) . m such a control system the 
shutdown output signals from the logic sets would be 
supplied to separate control rods, or a small group of 
control rods, such that a failure of one logic set or one 
control rod could neither cause shutdown nor prevent 
shutdown, due to the limited effect of a single control rod 
or small group of control rods. 

The control system may be used to shutdown the nuclear 
reactor plant using other methods. 

The invention has been described by way of reference 
to a shutdown logic circuit, but any suitable control logic 
circuit may be used, for example the shutdown logic circuit 
may be replaced by a control algorithm processor circuit in 
the event that continuous control of the industrial plant is 
required rather than a shutdown control. 
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The control system is equally suitable for use with 
other industrial plant e.g. hazardous chemical plants. 

In the control system for use with the nuclear reactor 
plant the output signals from the sensors are trip states, 
whereas in the control system for use with other industrial 
plant the output signals from the sensors may be levels. 
The voting logic circuit for other industrial plant is 
arranged to reject wild output signals and to produce a high 
reliability best estimate signal from those available. 



Claims:- 



1. A control system for an industrial plant comprising a 
Plurality of instrument sets and a plurality of logic sets, 
each instrument set comprising a plurality of sensors to 
detect parameters of the industrial plant, each instrument 
set comprising a plurality of serial link controllers, each 
sensor being arranged to supply an output signal to each of 
the plurality of serial link controllers, each logic set 
comprising a plurality of auto select logic circuits, a 
synchroniser, a voting logic circuit, a serial to parallel 
converter and a control logic circuit, each of the plurality 
of serial link controllers in each instrument set being 
arranged to supply the output signals from each of the 
sensors in the instrument set sequentially to one of the 
auto select logic circuits in each of the logic sets 
serially via respective transmission lines, each of the auto 
select logic circuits in each logic set being arranged to 
select data from the plurality of sensors from one of the 
instrument sets and being arranged to supply the data to the 
synchroniser, the synchroniser of each logic set being 
arranged to supply the data from each of the auto select 
logic circuits to the voting logic circuit of the logic set 
such that the output signals from the sensors in each 
instrument set detecting the same parameter are supplied to 
the voting logic circuit at substantially the same time, 
each voting logic circuit being arranged to perform a voting 
function on the output signals from the sensors in all the 
instrument sets detecting the same parameter to produce a 
series of single high reliability signals which are arranged 
to be supplied to the series to parallel converter of the 
logic set, each series to parallel converter being arranged 
to convert the series of high reliability signals to 
parallel high reliability signals which are supplied to the 
control logic circuit of the logic set, each control 
logic circuit being arranged to control the operation of 
the industrial plant in response to the high reliability 
signals. 

2. A control system as claimed in claim 1 in which the 
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control logic circuit is a shutdown logic circuit arranged 
to control the operations of shutdown means for the 
industrial plant. 

3. A control system as claimed in claim 1 in which the 
control logic circuit is a control algorithm processor 
circuit arranged to continuously control the industrial 
plant. 

4. A control system as claimed in any of claims 1 to 3 in 
which at least one of the auto select logic circuits selects 
data from the plurality of sensors from one of the 
instrument sets by selecting transmission lines with serial 
signals. 

5. A control system as claimed in any of claims 1 to 3 in 
which at least one of the auto select logic circuits selects 
data from the plurality of sensors from one of the 
instrument sets by selecting an errror detecting coding. 

6. A control system as claimed in any of claims 1 to 5 in 
which the synchroniser comprises a first in/first out 
memory . 

7. A control system as claimed in any of claims 1 to 6 in 
which the sequential output signals are returned to the 
serial link controllers via respective second transmission 
lines for decoding and comparing with the transmitted output 
signals. 

8. A control system as claimed in claim 7 is which each of 
the serial link controllers has a fault alarm. 

9. A control system as claimed in any of claims 1 to 8 in 
which each instrument set comprises a self testing means, 
the self testing means being arranged to supply test signals 
to each of the plurality of serial link controllers, each 
serial link controller being arranged to supply the test 
signals sequentially with the output signals from each of 
the sensors in the instrument set to one of the auto select 
logic circuits in each of the logic sets serially via 
transmission lines, the voting logic circuit of each logic 
set being arranged to perform a voting function on the test 
signals from the self testing means of each instrument set 
to produce a high reliability test signal, each logic set 



having « checker means to ensure that hi?h rel . abil . 
test signals is correct. 

10. A control system as clairaed in oU1> , ^ 
checker means receives signals from the series u>1 
converter . 

11. A control system as claimed in claim 9 or claim 10 in 
which each of the checker means has a fault alarm. 

12. A control system as claimed in any of claims 1 to 11 in 
which each fault shutdown logic circuit is arranged to 
control the operation of a separate shutdown means. 

13- A control system as claimed in any of claims 1 to 11 in 
which the industrial plant is a nuclear reactor plant. 

14. A control system as claimed in claim 13 in which the 
reactor * PreSSUrised nuclear 

15. A control system as claimed in claim 13 or claim 14 in 
which each fault shutdown logic circuit is arranged to 
control the operation of a single control rod or a group of 
control rods. 

16 A control system for an industrial plant substantially 
as hereinbefore described with reference to and as shown in 
the accompanying drawings. 
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♦ SDJttx I*/5 v J- SB £©#»'*«= w>- 

ffii»tt»B*-exjRVs yt-oRS^ttiks** 

U t> * £ ft * *t it « ft 19 # -C It « W 3f HE « X m 
(8H4»i*r**:«>©*&) 

t- ©* yffr^©iU»gf*t|||t^cB^cai* 
<o*ti tor-? 4»aaa-t * i-oaa 

l4aB8cttat5J:>C***i. **i-F*t.©ai 
ftSSaBBtts H-»^7>-^€8HltUz 
oBSti- h cjsttS-fe ^^©W/jft^ctt 

- a£*8£«Sc S*-©Sit«tt<f 

-*?!J*RHttSlS8lHi<t^©*4*. STUHa* 

H9->««t4J:6CS3h. **i-eft©SiiB& 
aaBttH<i«ttg^ci5«L-cx*7-? y h© 

©»ft««»r Sff itifia0BT*-,-C«fcH. 

»atta@Btts x*st5 y h *a««>c»)a 
< t «, i •5©a«4a«»mH»tt> 7 



-15- 



aj??^«awr«ctt:«k,T. jaa* v h © 1 

-3 *>£»»©* 4>^«)f-? *iI8? l -j 5. 

wftoft^e^tt^n-pno® 2 ©eiita** 

« © n-r *tc ««fg^* iftt^-r « «k -3 c: <t * 
*ft-Fft©> 'J?*- ij y o ®m®tt. tass-fe ? 

»-©*ft-Fft©-fcy***©m;fj{S^<!:&fc!«fc 

^•r*«t^c)!t$^. *n-rn©}ftaaa-fev{- 

» I gfCHa?S*l\ »ft©«S-fe „ h (Ja.tr» M t 
s«ts)12A,12B,-.l2NS.tf «»©lftaBB* y |> 
(logic s8t«)I4*.14B. ~.14L*«* 

ft©* y*164.16B.16C. --.lBH*^*. #* y* 

tta«ittB-s, «^«raft. eea. ««*©«! 

©d&9«A? / « *y*16».16B. 
16C.-.16I©** tt % l»m*©^7 > -^Cftff 
r*HJ^B9*4J*C i©ffl^«#tt**i-F*i 
a*»*18«.I8S.18C, - ,18H*^LT** ©«8 
y*^20«.20B.20C. -.20IIK:«|A$*l*J; -J 
K«3ftT^«. «8*-+ y*W20A.20B,20C. ~, 

204.20B.20C. -".20Ktt*^.-P|i©aj^J©^t«3 
£*22a.22B.22C. ~.22«:22A' 22B' 22C . 
22» ' $Att-«®i"j7f • >; y *(seri«l 
tlok) W»824A.24B-«iar 6 J: -5 ca ^41T 



8g3¥2-73403 (4) 
©aifeidSBiStt. th-PnoHStv hiDSE 
i*»^a*>^©«K»^ciiifc«t6tiflftTS 

S if ft *) {9 5 . 

* *.**©* » » *-^Btttt»*«8*«*. 

■5 S. 

•Eft-eftCttHUfihtt&HBfcU fflS3©iiR» 
X «-»©«»» ©«fr*HUI^ 5 J: -5 

xar^yh (H^Htr) ffl«?a^xf aio*< 

BSf ♦ y * -^20*. — ,20*ttB?5h H 
') ?7*<t^* 6 £tftr*. *Slit«T?tt2ffl©i/ 
') 7 n> • «; y*«ffllB*<fflv» »ftTb>£*<» fflffl 
>:*.7-.£.©1Itttt*iBJS!>$fci&{C2flB.fc9<>^< 

<HfSg-C**. S/ V • 9 y * SI SI 824 J, 241 
tt-fe y «M6A.16B.16C -. 16»©«-* frt,a>m?im 

*a- aaaa-tv m»,-. i4Lc-en-r4is 

HCRtt**i***S*26,26A' {^LZltlS 
«-fe* M4I.HI.~.14LO««l<r«ie^9 7*C 

*28A.28l' tti"J7/U - V y **!J8B24».24B^ 

a » * # a e * n * a ^ is ^ & - « V * * * -3 * 

© „4i # T 8 4<t "5 iiiTS. *-a#tfta»<*ft* 
7 * ■ g y*»»8ttiSS*tf ±-4- 

tttttlHBty n:J;,Tttf8*n5. -> «j 7 
* • H y 9 M9I824A. 24B tt 3? K 30fl , 30B IT «fc -» T 

aw»«8 (H**r> cut^^Ktgttsft. a 
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AtS^ t ©H©*— v 7* - y Wffla 

24*.24BCfc-,Tt*th ttKfg^ftfe 

LTfcB»«a*tttt<***. 

fl»* » H2B.12C. -.l2Hfc««-t „ H2*<!: 
fflB-fc v K12B.12C-.12ll 

tt«S-fc? H2iiHlf<7>-M3tmi; 

WZG-tz. L*>L<i*<t>. #£© 

< . as.* «>4>«i'ttt^ ! &E«V'©* 
aj^tttt. S-fc v*i»£3r3©a&*f|* 

3— T 4 S • 1. * — J. (Hauinc type cod lag 
scheme) Xtt^!WW3Cfittf- * v ? 



*fg3¥2-73403 <5) 

a32»,32B.-.32B*R«LTV*6. SASfRifta 
BR32A.328. -,32Kffl#* tt. ■> U Tiufiffif 

26*' *>6fB&-tC7 r 12*©£»©-t V *U6A. 16B, 
16C.~,16N*&© ft #{3^ NMc* 

»<S8* » H2B©^»o-ty**>^©ds^jf3^ 
£&R-t&. HUJ;1K, S«iaiRjdas»32C 
~32«ttt88-fe * U2C~m©£88©-fe v^frb 

©aj^ft # * a«r *. 
a I* Sfcift a s B32»~32*«: r — 9 m *, & k * 



n fc ft * is * * R » £ S 36 e « ft -r s «t ■> c * $ 

*ltl>5. H«5SJl36tt. ^-©/n-7>-^*» 

aiT**a!3-tv i-©* ©a^B^*** 
*i -e n * s s a 3 8 * ~ 3 8 « * a- u t ig s ft c b * c 

SB36tt»An/5taL> * >;*»ji«. 
ae*iaaBJ»40tt, pi-©/*? * -?$»ar 

*£T©«S* y h ©* ^ **»^©ilt>lj|I^C« 

LtaftfifiilfrtS. Mtfett£tt£&©«S 

■few K ©* v»*^ft©aj*e^K«LT*T©/< 

7 > co^Tai^arff 4h, *-©K©«tt 

844C:«t*$*l«. SJI-*FlS»8 44tt*-© 

46* ~ 4$» « ^ l r a »*f ih s* a a a 48c « ts $ n 



L T *ih«« © a ft * Wffl t * J; ^ c <c S *tt ^ 

»aaa-fe v M4B~i4LB:3IHtftK:g--e&(,. 
«a-fe v M4A<>:£Sa*cH-©tt2?-pttft-4-*. 

St»fPitJ4aa8U: 2 R 1 (»»• »»t of t«o), 
3K2(t*o oat of three). 4 K 2 (two out of 
four\4 R 3 (tfcree out of toar) © jg jfc ft ^ 

jtm»«^a:5*s2c«i: -,-cigis**i. #jfciaa 
a a & a ^ « « s » 5 o * » r « fc » c t 

tt»*«©^*<«a* f «tt»*54C J: -,T»R* 
faS-b v M2iaas»a * * ?9X58A,58B$ 

/tlt > u 7* • »j «taa24*.24BCK»e 

• 'I WW»24*.24Bttiaa-fc y h © -tt X*A> 
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sssctotaasni. ^asa* hum 

(checker c Ire It) 64 fctf-f*. J- jt v A — B B 

aM??* 6. 
Sfc> «8-fc* M2B~l2Ht gesssa^f 

U. JSSBB-fe v h 146~-|4H> *■ * 

wrs. 

R**»8-fc-v I- ©ff Ett»!5S»ttJ?**«« 

ttiaifettaHaciw*-*-*,!:*. i «©«»-<:? 

K7-f^(f«ard llne)(C«-^< a»«|-CU:« < 

«osftTfciaasBt» noa-c, / - 

LfcWtB->x-5-i.c*Ji>Ttt. ttSBB-fcv r* 
* © ff ittfj » ^ tt M © SI a tt X St /h * >u - f © 

*r hxtt i*©aa»©tt*A«a**ji:<>a* 

ihtr *>ttn-J 4. 
*S9J*<*it»aBB^©5&c <fc-,TK91S 



!$Ba ¥2-73403 (6) 

aaciu^c t**au. jss*<gm -c^aur. 

xttototh. «« e *©«*< 3 R2 
sus 4aK*$hti'«. a»»aa»tt3 
«©aa-fe v h©&aa«s*^^©K«fa^© 
ja^-frooo.oii.ooi.-.m^iHDcawjR*)^ aia 

0. 1.0.-. U4«r4. ?-*v*-i8ttCh 

a a * * y .m* a * © s > - * aa a 

(para.eter »otln,)4SL, * *l -F * © * «> * 
V -9- & Xf * + V * * © 5C Sff * il Eft (f le* Ibil 1 1») 

s«a«t©»»A<aesar5: <t 
■> c r s a east & ^ •? t$ a* ? n s . 

&B©5rf6tt^« 6r . as* * h -e«« < a* 
©•fe^&tf*-^*/^©^ 

1. ©4*B©»Ii8tt««/l>$-t*: N S*>»Tff ttttffl 

a i> so » •> * t- j. *<& * tu & 4i * . 



ats«3j*<f? ±aa<i: o bamtztiiiiGtztts 

«fc "3 tt«©X«7-7 XhT©ttfflK{>^L<HFii 
Si * F -e a ffl * *x * 99 9 > x + a a *h i -t a % 

* ^*i'&©a^g^tt r ij „ rttffi(trlp state) 

-c*»?. <s©iar? v urttja 

Acfe^Ttt* ^^©ifc^fB^tti"*^ 
devei) -e&s. liani^? y rJ8©a&aa 
BBtt-efc^B«m^«^«Jittt,. HIMBjffis 

4. (Ha©a»«89n 
S3Htt> m lgci^Muasat * r © 
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12A~12«:«a-fe v h 
14»~14L:»HBK-fc 7 h 
lfi*~16«:* V* 

20«~20N:as-*- + v.* * 
24*~248: -> <; r * • 'J y^as 
32A~32»:(=|&atRiSS5H18 
36 : SM55K 40 : «ifeiftJIia» 

44 @?g-j6?(ggftss 48 = &fn?itsaas» 

64 : * * v * - SIS 



ft a a #a± 



» * * 41385 

(#4 *> 
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JfB3¥2-73403 (8) 




FigA. 



ttkJa- *b v 3 »;js$ t*v v 


0 0 0 1 0 1 11 
0 10 110 0 1 
0 110 0 10 1 




0 10 10 10 1 



